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© A suspended line feed type planar array antenna 
has a substrate (13) sandwiched between a pair of 
metal or metallized plastic plates (11, 12) and reso- 
nance type printed patch radiators (18) provided in 
corresponding relation to openings (15) formed 
through one of the pair of metal or metallized plastic 
plates (11, 12), whereby the antenna can be reduced 
in thickness, weight and cost. Also, the transmission 
loss of the antenna can be reduced and its band- 
width can be widened. 
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MICROWAVE ANTENNA 



SUMMARY OF THE INVENTION 



Held of the Invention 

This invention relates generally to circular 
planar array antennas and. more particularly, to a 
planar type microwave antenna for use in receiving, 
for example, a satellite broadcast, and so on. 

Description of the Prior Art 

In a suspended line feed type planar antenna 
in which a substrate is sandwiched between metal 
or metallized plastic plates having a number of 
openings forming parts of radiation elements, a 
circular polarized wave planar array antenna has 
been proposed- In this previously proposed an- 
tenna, a pair of resonance probes which are per- 
pendicular to each other, the number of which 
corresponds to the number of openings, are 
formed on a common plane and signals fed to the 
pair of resonance probes are mixed in phase within 
the suspended line (See our co-pending U.S. Pat- 
ent Applications Serial No. 888,117 filed on July 
22, 1986 and Serial No. 58,286 filed on June 4, 
1987). 

Thus, the above-mentioned planar antenna can 
be reduced in thickness as compared with the 
existing one, and also its mechanical configuration 
can be simplified. Further, an inexpensive substrate 
now available on the market can be employed for 
high frequency use, achieving antenna gain equal 
to or greater than that of a planar antenna using an 
expensive microstrip line substrate. 

The suspended line achieves such advantages 
in that it forms a low loss line as a circuit for 
feeding the planar antenna, and also in that it can 
be formed on an inexpensive film shaped sub- 
strate, and so on. Further, since this conventional 
planar antenna utilizes a circular or rectangular 
waveguide opening element as a radiation element, 
it is possible to construct an array antenna which 
has a small gain deviation over a relatively wide 
frequency range. 

Meanwhile, a patch type microstrip line an- 
tenna element is proposed, in order to reduce the 
thickness of the planar array antenna. Figs. 1 A and 
1B, forming a top view and a side view, generally 
illustrate an example of a circular patch type micro- 
strip line antenna. 



As Figs. 1A and 1B show, this circular patch 
type microstrip line antenna comprises a base 
plate 1, a dielectric 2 having relative dielectric 
constant € r and a printed element 3 as a patch. In 

s this arrangement, its resonance frequency is sub- 
stantially determined by the diameter D of the 
printed element 3. When a feed line and a radiation 
element are formed on the same plane, there oc- 
curs such contradiction that while the feed line has 

w a small radiation loss, the radiation efficiency of the 
radiation element has to be increased. Thus, the 
characteristic of the patch type microstrip line an- 
tenna shown in Figs. 1A and 1B is regarded as 
having narrow bandwidth (antenna gain) character- 

75 istics. See IEEE Transactions on antennas & propa- 
gation, Vol. AP-29. No. T, Jan., '81 which was 
issued as "A collection of technical papers and 
application notes on microstrip antennas and ar- 
rays". 

20 Further, it is proposed to increase the band- 

width, i.e., the antenna gain, by adding a non- 
feeding element or the like by use of a multi-layer 
substrate and so on. See IEEE transaction on an- 
tennas & propagation, Vol. AP-27, No. 2, March 

25 *79, PP. 270 to 273. Fig. 2 illustrates an example of 
such a known planar antenna as described 
hereinabove. 

Referring to Fig. 2 forming a side view thereof, 
there is provided a circular planar array antenna 

30 which comprises a base plate 1, a dielectric 2, a 
printed element 3 forming a patch, which are simi-. 
lar to those shown in Figs. 1A and 1B, a dielectric 
air space 4, a printed element 5 as a non-feeding 
element and a dielectric 6. 

35 For the circuit polarized planar array antenna, it 

is proposed to increase the axial ratio by making a 
group of several elements and varying the signal 
phases (spatial phase and phase of the feed line) 
to be fed to each element of the group. 

40 In the case of the above-mentioned circular 

polarized planar array antenna disclosed in the 
foregoing U.S. Patent Application Serial Nos. 
888.117 and 58,286, the thickness of the radiation 
element (almost equal to the thickness of first and 

45 second metal plates) is selected to fall in a range 
of about 2 to 2.5 cm, causing the antenna made of 
metal to weigh 6.5 kg (a square of 40 cm X 40cm), 
or the antenna made of metallized plastic material 
to weigh 2 to 3 kg (a square of 40cm x 40cm). 

so Thus, the above-mentioned antenna can be re- 
duced neither in weight nor in thickness without 
difficulty. Also, from a marketability standpoint, this 
antenna is not attractive as a product because it is 
hard to handle. If this antenna is made of a metal- 
lized plastic material, a mold pore for modling the 
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same is required, and hence the antenna becomes 
expensive. Further, in this case, the antenna may 
be warped and not uniform in quality so that this 
antenna cannot be mass-produced efficiently. In 
addition, if this type of antenna is made of metat, 
difficult cutting work cannot be avoided which 
makes the efficient mass-production of the antenna 
impossible. Also, this makes the antenna expen- 
sive. 

Further, in the case of the patch type micro- 
strip line array antenna shown in Figs. 1A and 1B, 
in order to increase the bandwidth or antenna gain, 
the relative dielectric constant e r of the dielectric 2 
should be decreased and the thickness of the 
substrate, i.e., the thickness h of the dielectric 2 
has to be increased, contradictorily. The relative 
dielectric constant e r in this case is as large as 2 to 
2.5. Besides, if the thickness of the substrate is 
increased, the radiation loss of the feed line is 
increased with the result that the thickness of the 
substrate is naturally, limited. In conclusion, the 
gain characteristic of this conventional circular 
patch type microstrip line array antenna is brought 
about with a bandwidth as narrow as, for example, 
about 200 MHz. 

Further, since the conventional antenna shown 
in Fig. 2 employs a plurality of substrates, it be- 
comes complicated in configuration and it becomes 
expensive from a money standpoint. 

At any rate, with the microstrip line structures 
shown* in Figs. 1 A and 1B and Fig. 2, the transmis- 
sion loss is relatively large regardless of the em- 
ployment of the substrate having low relative di- 
electric constant and low transmission loss. There- 
fore, the radiation element must be improved to 
have a wide bandwidth. 

OBJECTS AND SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present in- 
vention to provide a circular patch-slot array an- 
tenna 

It is another object of the present invention to 
provide a circular patch-slot array antenna which 
effectively utilizes features of the suspended line 
and thin radiation elements to provide high effi- 
ciency and wide bandwidth. 

it is a further object of the present invention to 
provide a circular patch-slot array antenna which 
can be reduced in thickness and weight. 

According to an aspect of the present inven- 
tion, there is provided a circular patch slot array 
antenna having a substrate sandwiched between a 
pair of metal or metallized plastic plates, wherein 
resonance type printed patch radiators are pro- 
vided oh the substrate at positions corresponding 



580 A2 




to slots formed through one of the metal or metal- 
lized plastic plates. 

In accordance with the circular patch-slot array 
antenna of the present invention, the substrate is 

5 sandwiched between the pair of metal or metallized 
plastic plates. The resonance type printed patch 
radiators are formed on the substrate at positions 
corresponding to slots formed through one of the 
metal or metallized plastic plates. Thus, the circular 

jo patch-slot array antenna of the invention can be 
reduced both in thickness and weight. Also, ac- 
. cording to the circular patch-slot array antenna of 
the present invention, the transmission loss can be 
reduced and the frequency band can be widened. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 



20 A better understanding of the objects, features 

and advantages of the invention can be gained 
from a consideration of the following detailed de- 
scription of the preferred embodiments thereof, in 
conjunction with the figures of the accompanying 
25 drawings, wherein: 

Fig. 1A is a top view of an example of a 
conventional patch type microstrip line antenna; 
Fig. 1 B is a side view thereof; 
Fig. 2 is a side view of another example of a 
30 known patch type microstrip line antenna; 

Fig. 3A is a top view of a main portion of an 
embodiment of a circular patch-slot array antenna 
according to the present invention; 

Fig. 3B is a cross-sectional view taken 
35 through the line l-l in Fig. 3A; 

Fig. 4 is a cross-sectional view taken through 
the line ll-ll in Fig. 3B; 

Figs. 5 and 6 are respectively graphs show- 
ing a characteristic of a circular polarized wave 
40 radiation device of the present invention; 

Fig. 7 is an illustration used to explain the 
feeding method of the antenna of the present in- 
vention; 

Fig. 8 is a cross-sectional view taken through 
45 the line Ill-Ill in Fig. 7; 

Fig. 9 is a cross-sectional view taken through 
the line Iv-lv in Fig. 7; 

Fig. 10 is an illustration of another example 
of the method for feeding the antenna of the 
so present invention; 

Fig. 11 A is an illustration of- an example of a 
flexible substrate that can be used in the antenna 
of the present invention; 

Fig. 11B is a cross-sectional view taken 
55 through the line V-V in Fig. 1 1 A; 
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Figs. 12, 13, 14 and 16 are respectively 
cross-sectional views used to explain the examples 
of the mounting structures of the substrates in the 
circular patch-slot array antenna of the present 
invention; 

Fig. 15 is a perspective view illustrating a 
main portion of Fig. 14; 

Fig. 17 is a schematic representation show- 
ing an example of a feeding method by which the 
gain of the antenna of the present invention is 
improved; 

Fig. 18 is a block diagram showing a circuit 
arrangement of the main portion of Fig. 17; 

Figs. 19A and 19B are illustrations showing 
examples of the structures of the improved periph- 
eral portions of the antenna of the present inven- 
tion; 

Fig. 2d* is a graph showing antenna char- 
acteristics of the antenna of the invention shown in 
Figs. 19A and 198; and 

Figs. 21 and 22 are cross-sectional views 
illustrating overall arrangements of the antennas of 
the present invention, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Now, an embodiment of a circular patch-slot 
planar array antenna according to the present in- 
vention will hereinafter be described with reference 
to Figs. 3 to 8. 

Figs. 3A and 3B illustrate an arrangement of a 
circular polarized radiation element according to 
the present invention. Fig. 3A is a top view thereof 
and Fig. 3B is a cross-sectional view taken through 
the line l-l in Fig. 3A. Throughout Figs. 3A and 3B, 
reference numeral 1 1 designates a first metal plate 
(or metallized plastic plate), 12 a second metal 
plate (or metallized plastic plate) and 13 a sub- 
strate made of a thin film (film-shaped flexible 
insulating substrate) sandwiched between the first 
and second metal plates 1 1 and 12. The first metal 
plate 11 has a convex-shaped supporting portion 
14 for supporting the substrate 13 thereon. The 
second metal plate 12 has an opening of, for 
example, 14 mm in diameter, i.e., a slot 15 and a 
convex-shaped supporting portion 16 formed ar- 
ound the slot 15 for supporting the substrate 13 in 
cooperation with the supporting portion 14. When 
the first and second metai plates 11 and 12 sand- 
wich the substrate 13 therebetween, the plates 11 
and 12 are positioned such that their supporting 
portions 14 and 16 are made consistent with each 
other. At that time, the thickness of each of the first 
and second metal plates 11 and 12 is reduced very 
much and it becomes, for example, only about 2 
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mm. Further, when the substrate 13 is sandwiched 
between the first and second metal plates 11 and 
12, there is formed a cavity portion 17 which com- 
municates with the slot 15. 

5 A conductive foil 18 is deposited on the sub- 

strate 13 so as to correspond to and be concentric 
with the slot 15 of the second metal plate . 12 and to 
form resonance type printed patch radiator. This 
conductive foil 18 is coupled through the cavity 

to portion 17 to a suspended line. In this case, the 
conductive foil 18 of a substantially circular-shape 
is arranged to have a diameter so as to resonate at 
a predetermined frequency. The conductive foil 18 
is provided with slits 18a and 18b diametrically 

75 opposed to each other at positions related to the 
suspended line by a predetermined angle, for ex- 
ample, 45* in order to receive and transmit a 
circular polarized wave. In this embodiment, when 
transmitting or receiving microwaves on the surface 

20 of the sheet of the drawing, the antenna of the 
invention can transmit or receive a clockwise cir- 
- cular polarized wave. To transmit or receive a 
counter-clockwise circular polarized wave, the slites 
18a and 18b have to be formed on the conductive 

25 foil 18 at 45* relative to the suspended line on the 
opposite side to those for the clockwise circular 
polarized wave. 

The structure of the suspended line for feeding 
the planar array is illustrated in Fig. 4 which is a 

30 cross-sectional view taken through the line il-ll in 
Fig. 3B. In this embodiment, the conductive foil 18 
formed by etching a conductive film coated on the 
substrate 13 of, for example to 100 um thick, 
surrounded by the first and second metal plates 1 1 

35 and 12 to form a cavity-shaped coaxial line. In this 
case, since the substrate 13 is thin and acts only 
as the supporting member, it forms a feeding line 
which is not the low loss substrate but it has small 
transmission loss. While the transmission loss of 

40 the open strip line made of, for example, Teflon 
(registered trademark) glass substrate falls in a 
range of 4 to 6 dB/m at 12 GHz. in the case of the 
suspended line made of a film-shaped substrate of 
25 am thick, its transmission loss falls in a range of 

45 about 2.5 to 3 dB/m at 12 GHz. Since the film- 
shaped flexible substrate is inexpensive as com- 
pared with the substrate made of Teflon glass, this 
film-shaped flexible substrate can bring about 
many advantages also. 

so Fig. 5 illustrates a characteristic of the circular 

polarized radiation element of the present inven- 
tion. From Fig. 5, it is thus apparent that this 
circular polarized radiation element of the invention 
has an excellent return loss of -30dB and that the 

55 single element-has a return loss of -l4dB (voltage 
' standing wave ratio (VSWR) < 1.5) with a band- 
width of about 900 MHz, thus a relatively wide gain 
being brought about. The reason for this is that 



4 




EP 0 



while the height h from the top surface of the first 
metal plate 11 to the top surface of the substrate 
13 is about 1 mm, the equivalent relative dielectric 
constant e r is formed' of air between the first metal 
plate 11, and the substrate 13 and relative dielec- 
e trie constant of the substrate 13 can be sleected to 
be as small as about 1 .05. 

Fig. 6 shows a characteristic graph illustrating 
an example of the measured axial ratio of the 
circular polarized wave in the present invention. In 
Fig. 6, a curve a indicates a measured axial ratio 
where the antenna of the invention has a single 
circular polarized radiation element, and a curve b 
indicates a measured axial ratio where the antenna 
of the invention has four circular polarized radiation 
elements. For example, while a tolerance range is 
about 1dB at frequency of 12 GHz, the circular 
patch-slot planar array antenna of the present in- 
vention sufficiently satisfies this tolerance range. 

Fig. 7 illustrates a circut arrangement of a co- 
phase feeding circuit in which a plurality of circular 
plarized radiation elements shown in Figs. 3A and 
3B are provided and the suspended line is used to 
effect the co-phase feeding, thus forming a planar 
array antenna. In addition, as shown in Fig. 7, a 
plurality of circular patches are respectively pro- 
vided in response to a plurality of slots, thus for- 
ming a circular patch-slot array antenna on the 
whole. 

The solid-line portion in Fig. 8 illustrates a 
portion cut through the line HI-HI in Fig. 7. The 
broken-line, portion of Fig. 8 illustrates such a 
condition that the second "metal plate 12 covers the 
top of the arrangement shown in Fig. 7. 

As Figs 7 and 8 show, a supporting portion 14 
is formed on the first metal plate 11, around the 
periphery of each of the slots 15 bored through the 
second metal plate 12, in order to support the 
substrate 13. The supporting portion 14 is also 
formed around a feeding portion 19 passing 
through the first metal plate 11 to support the 
substrate 13. The supporting portion 14 is further 
provided around the outer peripheral portion of the 
planar array antenna- Other portions thereof form 
the cavity portions 17. Therefore, there is a risk 
that the outputs from the plurality of conductive 
foils 1 8 may be delivered through the same cavity 
portion 17 and hence the above-mentioned outputs 
will be coupled with each other. If however, the 
spacing between the adjacent conductive foils 18 
and the spacing between the upper and lower walls 
of the cavity portions 17 are properly selected, 
necessary, isolation can be established, thus re- 
moving the above-mentioned risk of mutual cou- 
pling. At that time, since electric lines of force are 
concentrated on the upper and lower walls of each 
cavity portion 17, electric field along the substrate 
13 supporting the conductive foils 18 is substan- 
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tially reduced, thus lowering the dielectric loss. As 
a result, the transmission loss of the line can be 
reduced. 

The supporting portion and the cavity portion 
5 are also formed on the second metal plate 12 in 
correspondence with the first metal plate 11. Spe- 
cifically, the supporting portion 16 are formed ar- 
ound the slots 15 bored through the second metal 
plate 12. around the periphery of the feeding por- 
10 tions (the top wall thereof is closed) and around the 
outer periphery of the planar array portion, while 
other portions form the cavity portions 17 (see Fig. 
8). 

Since the substrate 13 is uniformly supported 

75 by the supporting portions 14 and 6, provided as 
described above, it can be prevented from being 
warped downwardly. In addition, since the top and 
bottom metal plates 11 and 12 are brought in 
closed contact with the substrate 13 around the 

20 respective radiation elements, the feeding portions 
and so on similarly to the prior art, it is possible to 
prevent any resonance at a particular frequency 
and so on from being caused. 

Referring to Fig. 7, 16 radiation elements are 

25 collected by four to provide 4 radiation element 
groups G1 to G4. A junction P1 of each group is 
displaced from the center by a length of Xg/2 (Xg 
represents the line wavelength at the center fre- 
quency). Junctions P2 and P3 between two radi- 

30 ation elements in each group are connected with a 
- displacement of each of Xg/4 from the center. Ac- 
cordingly, in each group of the radiation elements, 
the lower-right-hand radiation element is displaced 
from the upper-right-hand radiation element by 

35 90* , the lower-left-hand radiation element is dis- 
placed therefrom by 180° and the upper-left-hand 
radiation element is displaced therefrom by 270° 
in phase, respectively, thus the axial ratio is im- 
■— proved. In other words, the axial ratio can be im- 

40 proved to be wide by varying the spatial phase and 
the phase of the feeding line. In view of another 
aspect, any two of vertically or horizontally neigh- 
boring patch radios have slit directions 90° apart 
from each other. 

45 The junction P1 (Fig. 7) and the junctions P4 to 

P6 of the respective groups are coupled to one 
another in such a fashion that they are separated 
from the feeding point 20 of the feeding portion 1 9 
by the same distance. With the above-mentioned 

so arrangement, it is possible to obtain various kinds 
of directivity characteristics by changing the feed- 
ing phase and the power distribution ratio by 
changing the positions of the junction P1 and the 
junctions P4 to P6. In other words, the feeding 

55 phase is changed by varying the distance from the 
feeding point 20 to the junction P1 and the junc- 
tions P4 to P6 or the amplitude is varied by varying 
the impedance ratio byj increasing or decreasing 
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the thickness of the lines at which the suspended 
line is branched, whereby the directivity character- 
istics can be varied in a Wide variety. 

According to the embodiment of the present 
invention, as set forth above, since the thickness of 
the radiation element (substantially the sum of the 
thicknesses of the first and second metal plates 1 1 
and 12) becomes only about 4 mm, the antenna 
made of metal weighs about 1.1 kg (a square of 40 
cm x 40 cm) or the antenna made of metallized 
plastic material weighs 0.3 to 0.5 kg (a square of 
40 cm x 40 cm), thus the antenna of the present 
invention being reduced both in weight and thick- 
ness. Further, since the antenna of the present 
invention is very thin, the antenna made of metal 
can be manufactured by a press technique and can 
be mass-produced efficiently. Being light-weight 
and reduced in thickness, the antenna of the inven- 
tion can be manufactured at low cost and can be 
made attractive . as a product from a marketability 
standpoint Since the equivalent relative dielectric 
constant e r of the invention can be reduced to 1 .05, 
high antenna gain and wide band width can be 
presented. 

Furthermore, since the suspended line is em- 
ployed as a feeding line, the opening 15 formed 
through the second metai plate 12 is formed as a 
slot and the diameter of this slot 15 is selected to 
be as small as about 14 mm, and the isolation 
between the radiation elements can be made suffi- 
ciently high so that the width of the feeding Iin6 
can be increased, and the transmission loss can be 
reduced. In addition, since the antenna gain and 
wide bandwidth can be obtained and the tranmis- 
sion loss can be lowered, the gain (efficiency) of 
the antenna can be improved. 

While the radiation.element is mainly described 
in the aforesaid embodidment. it is needless to say 
that owing to reciprocity theorem of the antenna, 
the radiation element (or antenna formed of 
radiatione element array) can act as a receiving 
element (reception antenna) without changing the 
characteristics thereof. 

While the circular resonance type printed patch 
radiator is described in the above-mentioned em- 
bodiment, the shape of the resonance type printed 
patch radiator is not limited to circular but it can 
take other desired shapes. 

While the antenna of this embodidment is used 
for the frequency band of 12 GHz, it can be simi- 
larly applied to other frequency bands by varying 
the dimensions of the radiation element 

According to the embodiment of the present 
invention, as described above, since ther reso- 
nance type printed patch radiator element is pro- 
vided on the substrate at the position correspond- 
ing to the slot formed on one of the pair of metal or 
metallized plastic plates, the antenna of the present 




invention can be reduced both in weight and thick- 
ness. Also, the cost thereof can be reduced, the 
efficient mass-production can be made and the 
antenna of the ivnention can be made attractive 

5 from a marketability standpoint. Furthermore, since 
high gain with a wide bandwidth can be presented 
and the transmission loss at the feeding line can be 
reduced, it is possible to increase the gain 
(efficiency) of the antenna. 

to The features of the^present invention will now 

be described more fully, high-lighting its structure. 

Turning back to Fig. 7, a pair of positioning 
pins 21 and 22 are provided on the first metal plate 
1 1 at its predetermined positions, for example, on 

75 its diagonal. In association therewith, a pair of slots 
23 (not shown) and 24 (see Fig. 9) are formed 
through the second metal plate 12. Oh the sub- 
strate 13, there are provided a pair of openings 25 
and 26 in association with the pair of positioning 

20 pins 21 and 22. Further, through the substrate 13, 
there are provided a pair of openings 27 and 28 in 
response to the pair , of pins 21 and 22 when the 
substrate 13 is turned over for the case where the 
antenna is made useful for the counter-clockwise 

25 circular polarized wave. 

Upon assembly, the substrate 13 is placed in 
such a fashion that the positioning pins 21 and 22 
of the first metal plate 11 are engaged with the 
slots 25 and 26 of the substrate 13. respectively. 

30 Then, on the substrate 13, there is placed the 
second metal plate 12 in such a manner that the 
positioning pins 21 and 22 of the first metal plate 

1 1 are engaged with the openings 23 and 24 of the 
<s second metal plate 12, respectively, thus forming a 

35 circular patch-slot array antenna for use in the 
clockwise circular polarized wave. 

When a circular patchslot array antenna for the . 
couter-clockwise circular polarized wave is con- 
structed, the second metal plate 12 is removed 

40 from the circular patch-slot array anteinna for the 
clockwise circular polarized wave and the substrate 
13 is turned over as illustrated in Fig. 10. This time, 
the positioning pins 21 and 22 of the first metal 
plate 1 1 are engaged with the openings 27 and 28 

45 of the substrate 13. Then, the second metal plate 

12 is put on the first metal plate 11 through the 
substrate 13. It is needless to say that at that time, 
the positioning pins 21 and 22 of the first metal 
plate 1 1 are respectively engaged with the open- 
so ings 23 and 24 of the second metal plate 12, 

similarly to the circular patch-slot array antenna for 
the clockwise circular polarized wave, thus forming 
the circular patch-slot array antenna for the 
counter-clockwise circular polarized wave. 
55 Since the substrate 13 is very thin (for exam- 

pie, 25 to 50 urn), the substrate 13 can be turned 
over without causing any problem from a char- 
acteristic standpoint 
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According to this embodiment, . as described 
above, the circular patch-slot array antennas for 
clockwise and counter-clockwise circular polarized 
waves can be constructed respectively by merely 
turning over the substrate 13. Thus, the assembly 
parts of the above-mentioned clockwise and 
counter-clockwise circular patch-slot array antennas 
can be made in common and used commonly, so 
that the manufacturing cost thereof can be re- 
duced. 

While the pair of positioning pins are provided 
on the first metal plate and the corresponding pair 
of openings are provided on the second metal plate 
in the above-mentioned embodiment, it is also pos- 
sible that positioning pins and openings are pro- 
vided on the first metal plate and corresponding 
openings and positioning pins are provided on the 
second metal plate in association therewith. 

Further, while the pair of positioning pins are 
provided on the diagonal, the positions of the pins 
are not limited to the diagonal but the pins may be 
provided at desired positions, for example, the po- 
sitions slightly displaced from the diagonal with 
each other,, or the pins may be provided on a 
straight line. Furthermore, the number of position- 
ing pins is not limited to the pair but may be 
increased. 

Figs. 11 A and 11 B illustrate a more improved 
printed substrate 13. Fig. 11 A is a plan view thereof 
and Fig. 118 is a cross-sectional view taken 
through the line V-V in Fig. 11 A. 

Referring to Figs. 11A and 11B, there is pro- 
vided a substrate 13 which is made of a flexible 
thin film having a thickness of, for example, about 
25 to 100 urn. 'On. this substrate 13, there are 
provided printed resonance type printed patch ra- 
diator elements 18 concentric with a number of 
slots 15 formed through the second metal plate 12. 
These resonance type printed patch radiator ele- 
ments 18 are connected to one another through 
conductive foils 30 deposited on the substrate 13 
and forming the suspended line. The conductive 
foils 30 are deposited on the substrate 13 similarly 
to the resonance type printed patch radiator ele- 
ments 18. 

According to this embodiment, a protective film 
31 is provided on the substrate 13 so as to protect 
at least the resonance type printed patch radiator 
elements 18 and the conductive foils 30. This pro- 
tective film 31 is a thin film made of. for example, 
polyester or epoxy-group resin. The thickness of 
the protective film 31 has to be thin becuase if the 
thickness of the protective film 31 is more than, for 
example, 10 um, the loss on the electrical char- 
acteristic is increased so that the gain of the an- 
tenna is degraded. From the experimental results, 
it was thus proved that if the thickness of . the 
protective film 31 is less than, for example, 1 um, 
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the influence falls "within a tolerance range regard- 
less of the material that forms the protective film 
31. In this connection, according to the measured 
results it was also confirmed that the transmission 

5 loss of the suspended line per, for example, 25 cm, 
is increased by only about 0.05dB when the thick- 
ness of the protective film 31 is less thant 1 um. 
This does not cause any problem in practice. 

According to the embodiment of the present 

10 invention, as set forth above, it is possible to obtain 
the circular patch-slot array antenna having water- 
„ repellent property and anti-corrosion property with- 
out deteriorating the electical characteristic. Fur- 
ther, since the flexible substrate 1 3 is covered with 

75 only the protective film 31, the structure of the 
antenna according to this embodiment can be very 
simple and the manufacturing cost thereof is not 
increased so much. 

According to the antenna structure shown in 

20 Figs. 11A and 11B, since the protective film is 
provided on the flexible substrate, the water-repel- 
lent property and the anti-corrosion property can 
be assured. In addition, the array antenna of the 
emboidment can be manufactured at low cost and 

25 the arrangement thereof can be simple. 

Figs. 12 to 16 respectively illustrate various 
" examples of modifications by which the printed 
substrate 13 is fixed between the first or bottom 
plate 1 1 and the second or top plate 12. 

30 Referring to Fig. 12, a supporting member 41 

is provided between the bottom plate 11 and the 
substrate 13, and a supporting member 42 is pro- 
vided between the top plate 12 and the substrate 
13. Each of the supporting members 41 and 42 is 

35 made of dielectric material such as a highly 
foamed plastic material having a low dielectric con- 
stant On these supporting members 41 and 42. 
there are integrally formed protrusions 43 and 44 in 
opposing relation to each other at the positions 

40 where they cannot hinder the radiation element 18 
and the feeding line 30. The substrate 13 is sup- 
ported by these protrusions 43 and 44. 

In Fig. 12, the shape of each of the protrusions 
43 and 44 is not limited to the protruded one but 

45 can be changed freely so long as it cannot hinder 
the radiation element 18 and the feeding line 30. 
For example, each of the protrusions 43 and 44 
may be formed as substantially as a circle which 
surrounds the radiation element 18. 

so Since in the embodiment of Fig. 12 the sub- 

strate 13 is supported by the protrusions 43 and 44 
of the supporting members 41 and 42, each of the 
bottom plate 11 and the top plate 12 can be 
formed by a fiat plate, thus simplyfying the ar- 

55 rangement of this embodiment more than those of 
the embodiments shown in Figs. 7 and 10. Further, 
since the cutting work or the like is not necessary, 
the antenna of this embodiment can be manufac- 
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tured with ease, allowing highly-efficient mass pro- 
duction. In addition, the manufacturing cost thereof 
can be reduced. Furthermore, the shape of each of 
the protrusions 43 and 44 can be modified freely, 
thereby to increase the accuracy at which the 
substrate 13 is supported by these protrusions 43 
and 44. 

In the embodiment shown in Fig. 13, protru- 
sions 45 and 46 are respectively formed on the 
bottom plate 11 and the top plate 12 in opposing 
relation at the positions where they cannot hinder 
the radiation element 18 and the feeding line 30. 
Each of the protrusions 45 and 46 is made of, for 
example, metai or dielectric material, and the sub- 
strate 13 is supported by these protrusions 45 and 
46. 

Since in the embodiment shown in Fig. 13 the 
substrate 13 is supported by the protrusions 45 
and 46 as described above, each of the bottom 
plate 11 and the top plate 12 can be formed by a 
single flat plate. Thus, the arrangement can be 
simplified more and the cutting work or the like is 
not necessary, with the result that the patch-slot 
array antenna of this embodiment can be manufac- 
tured with ease, thus resulting in a more efficient 
mass production. In addition, the circular patch-slot 
array antenna of this embodiment can be manufac- 
tured at low costf 

Fig. 14 illustrates another modified example of 
the circular patch-slot array antenna of the inven- 
tion in which the above-mentioned protrusions are 
replaced with a flange 47 and a ring 48. Specifi- 
cally, the flange 47 of the shape shown, for exam- 
ple, in Fig. 15 is engaged into each of the slots 15 
of the top plate 12 shown in Fig. 14 and the ring 48 
of the shape as, for example, shown in Fig. 15 is 
provided on the bottom plate 11 in an opposing 
relation to the flange 47, thus the substrate 13 
being supported by the flange 47 and the ring 48. 
' . The total number of the flanges 47 and the 
rings 48 may be selected freely so. long as the 
substrate 13 can be stably supported as a whole. 
Each of the flanges 47 and the rings 48 may be 
made of, for example, metal or plastic material. 
When the flange 47 is made of metai, it is enough 
that the inner diameter of the slot 15 is increased 
by the amount corresponding to the thickness of 
the flange 47. 

Since in the embodiment shown in Rg. 14 the 
combination of the flange 47 and the ring 48 is 
employed as the protrusions to support the sub- 
strate 13 therebetween, each of the bottom plate 
1 1 and the top plate 12 may be formed by a single 
flate plate so that the arrangement can be simpli- 
fied and that cutting work or the like can be omit- 
ted, thus making it possible to manufacture the 
circular patch-slot array antenna of this embodi- 
ment with ease. Also, this allows more efficient 



mass production and the manufacture the circular 
patch-slot array antenna of the invention can be at 
low cost. Furthermore, since the substrate 13 is 
supported by the flange 47 and the ring 48 of 
5 substantially annular-shape, the substrate 13 can 
be supported with higher accuracy. 

Fig. 16 illustrates a further modified example of 
the circular patch-slot array antenna of this inven- 
tion. In this embodiment shown in Rg. 16, on the 
w back and front surfaces of the substrate 13, there 
are provided protrusions 49 and 50 produced by. 
for example, depositing resin or printing of resin at 
the positions where they may not disturb the radi- 
ation elements 18 and the feeding lines 30. Then, 

15 the protrusion 49 is brought into contact with the 
bottom plate 1 1 and the protrusion 50 is brought 
into contact with the top plate 12, so that the 
substrate 1 3 is supported thereby. 

Since in the embodiment shown in Rg. 16 the 

20 substrate 1 3 is substantial ly supported by the pro- 
trusions 49 and 50. also in accordance with this 
embodiement. each of the bottom plate 1 1 and the 
top plate 12 can be formed by the single flat plate, 
thus simplifying more the arrangement of the cir- 

25 cular patch-slot array antenna. Further, since the 
cutting work or the like becomes unnecessary, the 
mass production of the circular patch-slot array 
antenna can be made more efficient and the cir- 
cular patch-slot array antenna of the invention can 

30 be manufactured at a low cost. Furthermore, since 
the substrate 13 is supported only by the protru- 
sions 49 and 50 formed thereon, it becomes possi- 
ble to realize the circular patch-slot array antenna 
of which the whole thickness can be reduced. 

35 Fig. 17 illustrates a further example of a modi- 

fied circular patch-slot array antenna of the present 
invention wherein the antenna gain is increased by 
the use of active elements. 

In the embodiment shown in Rg. 17, an active 

40 circuit 51 is provided at the positions nearest the 
radiation element 18 of each of the groups G1 to 
G4 on the substrate 13, for example, near each of 
the junctions P1. Outside of the antenna proper, a 
bias circuit 52 is provided to supply a bias voltage 

45 (DC voltage) to the active circuit 51. The bias 
circuit 52 is connected near the feeding point 20 of 
the feeding portion 19 through a signal blocking 
circuit 53 formed of, for example, a coil 53a and a 
capacitor 53b. The signal blocking circuit 53 serves 

so to prevent a signal component flowing from the 
feeding point 20 to the bias circuit 52. The coil 53a 
and the capacitor 53b of the signal blocking circuit 
53 may be formed on the substrate 13 in a printed 
circuit pattern fashion. The bias voltage from the 

55 bias circuit 52 is supplied to the signal blocking 
circuit 53 and is then supplied through the sus- 
pended line (feeding line) 30 which leads from the 
feeding portion 19 to each 1 of the active circuits 51. 
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The active circuit 51 is formed of, for example, 
• a circuit that Fig. 18 illustrates. Referring to Fig. 18, 
an active element 54 with a low noise component 
is provided which is formed of, for example, GaAs 
MES FET (metal semiconductor field effect transis- 
tor) or GaAs HEMT (high electron mobility tranistor) 
or the like. The first main electrode thereof is 
connected through the suspended line 30 to the 
feeding point 20 and the second main electrode 
thereof is grounded. Further, the control electrode 
thereof is connected to each of the radiation ele- 
ments 18 through a so-cailed paralleMsoupled-type 
band-pass filter 55 made of a conductive foil and 
the suspended line 30. The band-pass filter 55 is 
provided to prevent the signal from being disturbed 
by the UHF (ultra high frequency) or VHF (very 
high frequency) band because when the active 
element is used, the signal is easily disturbed 
thereby. As the band-pass filter 55, it is possible to 
use a so-called end- coupled type filter, and the 
details thereof are disclosed in the above-men- 
tioned U.S. Patent Application Serial No. 58,286. 

Further, between the first main electrode and 
the control electrode of the active element 54, 
there are provided a signal blocking circuit 56, a 
DC-DC converting circuit 57 serving as a bias 
circuit and a signal blocking circuit 58. The signal 
blocking circuits 56 and 58 are respectively formed 
of a coil 56a and a capacitor 56b, and a coil 58a 
and a capacitor 58b to prevent the signal compo- 
nent from being fed to the DC-DC converting cir- 
cuit 57 similar to the signal blocking circuit 53. All 
of them can be formed on the substrate 1 3 as 
printed patterns. The DC-DC converting circuit 57 
converts the positive bias voltage from the bias 
circuit 52 to a negative bias voltage and supplies 
this negative bias voltage to the control electrode 
of the active element 54. Of the active element 54, 
the first main electrode is supplied with the positive 
bias voltage relative to the ground potential of the 
second main electrode, and the control electrode is 
supplied with the negative bias voltage relative to 
the ground potential of the second main electrode. 
Accordingly, a stabilized positive bias voltage, for 
example, 15V from the bias circuit 52, is directly 
supplied to the first main electrode of the active 
element 54 and also it is converted to the negative 
bias voltage, for example -1V, by the DC-DC con- 
verting circuit 57 and then fed to the control elec- 
trode of the active element 54. 

The signal from each of the radiation elements 
18 is amplified by the active element 54 and is 
then supplied through the suspended line 30 to the 
feeding point 20. At that time, since the signal is 
sufficiently amplified by the active elmeent 54, heat 
noise or the like generated in the midway sus- 
pended line 30 can be neglected substantially so 
that a satisfactory S/N natio can be obtained at the 
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feeding point 20. If the antenna gain at the feeding 
point 20 is amplified beforehand by the active 
element 54, considering that the antenna gain will 
be lost in the suspended line 30, a desired antenna 
s gain can always be obtained at the feeding pbint 
20. 

Further, since the bias voltage from the bias 
circuit 52 is substantially supplied through the sus- 
pended line 30 to the active elements 54 of the 

io respective active circuits 51, a special bias pattern 
does not have to be formed on the substrate 13, 
simplifying the printed pattern. 

Figs. 19A and 19B, forming a side view and a 
plan view, illustrate yet a further example of a 

75 . modified circular patch-slot array antenna of the 
present invention in which between the peripheral 
edge portions of the first or bottom plate 11 and 
the second or top plate 12 there is provided a U- 
shaped groove to trap an undesired signal. 

20 As shown in Figs. 19A and 19B, the peripheral 

edge portion 11a of the bottom plate 11 is curved 
upwards to form an L-shaped peripheral edge por- 
tion and the peripheral edge portion 12a of the top 
plate 12 is curved to form an ohm-shaped periph- 

25 eral edge portion, thus a U-shaped groove 60 is 
formed therebetween. Depth £ of the groove 60 is 
selected to be, for example, 6 mm (corresponding 
to 1/4 wavelength of 12 GHz) and the width x is 
selected to be, for example 2 mm. By way of 

30 example, the thickness of each of the top and 
bottom plates 12 and 11 is 1 mm and the spacing 
between the top and bottom plates 12 an 11 is 2 
mm. 

Since the U-shaped groove 60 is formed be- 

35 tween the peripheral edge portions of the top and 
bottom plates 12 and 11 as described above, im- 
pedance for a signal current flowing through such 
U-shaped groove 60 is increased, thus blocking 
current (undesired signal) flowing from the top 

40 plate 12 to the bottom plate 11 or from the bottom 
plate 11 to the top plate 12. That is, the undesired 
signal can substantially be trapped by the groove 
60. Accordingly, an antenna gain characteristic is 
achieved, as shown by a solid line b in the char- 

45 acteristic graph Hg. 20. From Fig. 20, it is thus 
apparent that the side lobe level of the antenna is 
lowered as compared with a characteristic (shown 
by a broken line s) presented when the U-shaped 
groove is not provided, thus the gain of the main 

so beam is increased. Since the side lobe characteris- 
tic of the antenna is improved as described above, 
a disturbing wave near the side lobe can be sup- 
pressed and hence, the disturbing wave removing 
characteristic of the antenna can be improved. Fur- 

55 thermore, since the gain of main beam is in- 
creased, the antenna gain can also be increased. 

Figs. 21 and 22, forming cross-sectional views, 
illustrate in cross section practical examples of the 
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whole arrangements of the circular patch-slot array 
antennas of the present invention. 

As Fig. 21 shows, the above-mentioned first or 
bottom plate 1 1 is provided on a rear cover 61, and 
the film-shaped substrate 13 is located on the s 
bottom plate 11. The top plate 12 is provided 
thereon. The top plate 12, the film-shaped sub- 
strate 13 and the bottom plate 11 are secured to 
the rear cover 61 by suitable fixing means such as 
screws and so on, though not shown. A heat in- io 
sulating plate 63 is made of, for example, a highly- 
foamed plastic material and it supports thereon a 
radome 62. This heat insulating plate 63 is moun- 
ted on the top plate 12 and is then convered with 
the radome 62. In Fig. 21, arrows coming from the 15 
upward to the downward of the sheet of drawing 
indicate signal waves and solar heat at the same 
time. 

Fig. 22 illustrates other practical examples of 
the whole arrangement of the circular patch-slot 20 
array antenna of the present invention.. 

As Fig. 22 shows, a heat jnsulating plate 64 is 
provided between the top plate 12 and the radome 
62. This heat insulating plate 64 has openings 65 
formed therethrough at positions corresponding to 25 
a number of slots 15 formed through the top plate 
12. As a result above the radiation elements 18 
located on the film-shaped substrate 13, there ex- 
ists only the radome 62 above the slots 15 of the 
top plate 12 and the openings 65 of the heat 30 
insulating plate 64, and hence there is no heat 
insulating material 64. Thus, the dielectric loss by 
the heat insulating material 64 is removed and 
hence the loss of signal power is reduced, thus 
increasing the receiving sensitivity of the circular 35 
patch-slot planar array antenna as compared with 
the case of Fig. 21 . 

The sum of the areas of the radiation elements 
18 is about 1/2 of the whole antenna surface area. 
Further, the rise of temperature of the antenna by 40 
the sunlight shown by arrows in Fig. 22 is caused 
mainly by the rise of temperature in the top plate 
12 so that the rise of temperature caused by the 
openings 65 formed through the heat insulating 
material 64 is sufficiently small enough that no 45 
problem is presented. 

The above description is given on the preferred 
embodiments of the present invention and it will be 
apparent that many modifications and variations 
thereof could be effected by one with ordinary skill 50 
in the art without departing from the spirit and 
scope of the novel concepts of the invention so 
that the scope of the invention should be deter- 
mined only by the appended claims. 
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Claims 

1 . A suspended line feed type planar antenna 
characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces (11, 12), one of said surfaces 
(11) having a plurality of spaced openings (15) 
defining radiation elements, a corresponding plural- 
ity of resonance type patch radiators (18) on said 
substrate (13) in alignment with said plurality of 
openings (15). respectively, and feeding means 
(17, 18, 19. 20) for co-phase feeding said patch 
radiators (18). 

2. An antenna according to claim 1, 
characterized in that 

said patch radiators are formed as printed circuit 
- elements (18) on said substrate (13). 

3. An antenna according to claim 1 or 2, 
characterized by 

a suspended line (30) interconnecting all of said 
patch radiators (13), said suspended line being 
formed as a printed circuit on said substrate (13) 
and spaced between said two conductive surfaces 
(11.12). 

4. An antenna according to anyone of claims 1 
to 3. 

characterized in that each of said patch radiators 
(1 8) is formed as a circular shape. 

5. An antenna according to claim 4, 
characterized in that 

each of said patch radiators (18) has a pair of slits 
(1 8a, 1 8b) spaced radially apart from each other. 

6. An antenna according to claim 5, 
characterized in that 

any two of vertically or horizontally neighboring 
patch radiators (18) have slit directions (18a, 18b) 
spaced 90* apart from each other. 

7. An antenna according to anyone of claims 1 
to 6, 

characterized in that said substrate (13) is made of 
a flexible material. 

8. An antenna according to claim 7, 
characterized in that at least a pair of positioning 
pins (21, 22; 23, 24) are provided on said two 
conductive surfaces (11, 12) and openings (25, 26; 
27, 28) engaged with said pair of positioning pins 
(21, 22; 23, 24) at the front and rear sides of the 
conductive surfaces (11, 12) are formed through 
said substrate (13) to be selectively attached to 
said substrate (13), whereby either of clockwise 
and counter-clockwise polarized waves is selec- 
tively supplied. 

9. An antenna according to anyone of claims 1 
to 8. 

characterized in that a protective film (31) is depos- 
ited on said substrate (13). 
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10. An antenna according to anyone of claims 
1 to 9, 

characterized in that 

said pair of conductive surfaces are formed on top 
and bottom plates (11, 12), respectively. - 

11. An antenna according to claim 10, 
characterized in that said top and bottom plates 
(11, 12) are each formed of a flate plate having 
substantially no protrusion, and protrusions (14, 16) 
are respectively formed between said top plate (1 1 ) 
and said substrate (13) and between said bottom 
plate (12) and said substrate (13) at corresponding 
positions thereof, whereby said substrate (13) is 
supported by said protrusions (14, 16). 

12. An antenna according to claim 1 1 , 
characterized in that a pair of supporting members 
are provided between said top and bottom plates 
(11, 12). and said protrusions (14, 16; 43, 44) are 
provided on said pair of supporting members. 

1 3. An antenna according to claim 11, 
characterized in that 

said protrusions (45, 46) are secured to said top 
and bottom plates (11, 12) at their corresponding 
positions. 

1 4. An antenna according to claim 11, 
characterized in that each of said protrusions (47, 
48) is formed of a combination of a flange and a 
ring and said flange is engaged into each of said 
openings (15) of the conductive surface. 

15. An antenna according to claim 1 1 , 
characterized in that said protrusions (49, 50) are 
provided on front and rear surfaces of said sub- 
strate (13). . 

16. An antenna according to anyone of claims 
1 to 15, 

characterized in that 

signals from said plurality of radiators (18) are 
respectively mixed through active elements (51, 
54) and are supplied to said feed means (19, 20) 
and DC bias voltages are supplied through said 
feeding means (1 9, 20) to said active elements (51 , 
54), respectively. 

\7. An antenna according to anyone of claims 
10 to 16, 

characterized in that a groove (60) of U-shaped 
cross section is formed at peripheral edge portions 
of said top and bottom plates (11, 12) to trap an 
undesired signal. 

18. An antenna according to anyone of claims 
10 to 17, 

characterized in that 

said openings (15) are formed through said top 
plate (12), and including a heat insulating plate (63) 
and a radome (62) provided on said top plate (1 2). 
and openings (65) are formed through said heat 
insulating plate (63) at positions aiigned with said 
openings (15). 



19. A suspended line feed type planar antenna, 
characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces (11, 12), one of said surfaces 

5 (11. 12) having an opening (15) defining a radiation 
element, a resonance type patch radiator (18) on 
said substrate (13) in alignment with said opening 
(15) and means (17, 18, 19, 20) for feeding said 
patch radiator (18). 

70 20. A suspended line feed type planar antenna, 
characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces (11, 12), one of said surfaces 
(11. 12) having a plurality of spaced openings (15) 

75 defining radiation elements, a corresponding plural- 
ity of circular wave radiators (18) on said substrate 
(13) in alignment with said openings (15), respec- 
tively, at least a pair of positioning pins (21 , 22; 23, 
24) formed on said pair of conductive surfaces (11, 

20 12) openings (25. 26; 27, 28) formed through said 
substrate (13) so as to be engaged with said pair of 
positioning pins (21, 22; 23, 24) and feeding means 
(17, 18, 19, 20) for co-phase feeding of said radia- 
tors (18), and 

25 characterized in that 

said substrate (13) is selectively attached with its 
surface facing upward or downward, thus selecting 
one of the clockwise and counter-clockwise circular 
polarized waves and feeding said radiation eie- 

30 ments (18). 

21 . A suspended line feed type planar antenna, 
characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces (11. 12), one of said surfaces 

35 (11, 12) having a plurality of spaced openings (15) 
defining radiation elements, a corresponding plural- 
ity of radiators (18) formed as printed circuit ele- 
ments on said substrate (1 3) in alignment with said 
openings (15) respectively, a suspended line (30) 

40 interconnecting all of said radiators (18), said sus- 
pended line (30) being formed as a printed circuit 
on said substrate (13), feeding means (17, 18, 19, 
20) for feeding said radiators (18) and a protective 
film (31) deposited on said substrate (13) to cover 

45 said radiators (18) and said suspended line (30). 

22. A suspended line feed type planar antenna, 
characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces, one of said surfaces having a 

so plurality of spaced openings (15) defining radiation 
elements, a corresponding plurality of radiators (1 8) 
formed on said substrate (13) in alignment with 
said openings (15), respectively, top and bottom 
plates (11, 12) on which said conductive surfaces 

55 are formed, and means (17, 18, 19, 20) for feeding 
said radiators, and 
characterized in that 
I said top and bottom plates (11, 12) are each 
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formed of a flat plate with substantially no protru- 
sion and protrusions (1 4, 1 6) are formed at a cor- 
responding plurality of positions between said top 
plate (12) and said substrate (13) and between said 
bottom plate (11) and said substrate (13), thus said 5 
substrate (13) being supported by said protrusions 
(14, 16). 

23. A suspended line feed type planar antenna, 
characterized by 

a substrate (13) sandwiched between a pair of io 
conductive surfaces, one of said surfaces having a 
plurality of spaced openings (15) defining radiation 
elements, a corresponding plurality of radiators (18) 
formed on said substrate (13) in alignment with 
said openings (15), respectively, top and bottom 75 
plates (11, 12) on which said conductive surfaces 
are deposited, and means (17, 18, 19. 20) for 
feeding said radiators, and 
characterized in that 

signals from said plurality of radiators (18) are 20 
mixed by respective active elements (51, 54) and 
fed to said feeding means (17, 18, 19, 20), and a 
DC bias voltage is supplied through said feeding 
means (17, 18, 19, 20) to each of said active 
elements (51, 54). 25 

24. A suspended line feed type planar antenna 
comprising a substrate (13) sandwiched between a 
pair of conductive surfaces, one of said surfaces 
having a plurality of spaced openings (15) defining 
radiation elements, a corresponding plurality of ra- 30 
diators (18) formed on said substrate (13) in align- 
ment with said openings (15), respectively, top and 
bottom plates (11, 12) on which said conductive 
surfaces are deposited, and means (17, 18, 19, 20) 

for feeding said radiators, and 35 
characterized in that 

a U-shaped groove (60) is formed at peripheral 
edge portions of said top and bottom plates (11, 
12) to trap an undesired signal. 

25. A suspended line feed type planar array 40 
antenna, 

characterized by 

a substrate (13) sandwiched between a pair of 
conductive surfaces, one of said surfaces having a 
plurality of spaced openings (1 5) defining radiation 45 
elements, a corresponding plurality of radiators (18) 
formed on said substrate (13) in alignment with 
said openings (15), respectively, top and bottom 
plates (11, 12) on which said conductive surfaces 
are deposited, and means (17, 18, 19, 20) for so 
feeding said radiators (18), and 
characterized in that 

said openings (1 5) are formed through said top 
plate (11), a heat insulating plate (63) and a 
radome (62) are formed on said top plate (11) and 55 
openings (65) are formed through said heat insulat- 
ing plate (63) at positions corresponding to said 
openings (15). ' 
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